ABSTRACT: Probiotics are live microorganisms that confer a health benefit on the host by improving the intestinal microbial balance. We evaluated the viability of Lactobacillus acidophilus 
Introduction
Health and wellness is one of the major consumer trends in the food industry. Consequently, manufacturers are constantly looking for new ways to incorporate natural and innovative ingredients such as probiotics and prebiotics into food products for health benefits. Probiotics have been defined as "live microorganisms which, when administered in adequate amounts, confer a health benefit on the host" by improving the intestinal microbial balance (FAO, 2001) . Most probiotics contain Lactobacillus acidophilus and Bifidobacterium, which are frequently used in food products and are both normally present in the human gastrointestinal tract (Dali and Davis, 1998) . The use of both types of probiotic has further increased due to their reduced acidification during post-processing storage and their relatively high yield of L(+)-lactic acid. The application of Bifidobacterium spp. and Lactobacillus acidophilus probiotic microorganisms in dry fermented meat products is not yet common.
The main characteristics of these probiotic strains are acid and bile salt resistance (Prasad et al., 1998) . Most lactobacilli already have a beneficial effect in the small intestine, whereas the largest numbers of bifidobacteria are often found in the colon. Both probiotics are also reported to synthesize folic acid, niacin, thiamine, riboflavin, pyridoxine and vitamin K, which are slowly absorbed by the body (Tamine et al., 1995) . L. acidophilus exhibits antagonistic activity against pathogenic bacteria, which are foodborne disease agents (Sanders and Klaenhammer, 2001) . Bifidobacteria survive intestinal transit because after consumption, the strain can be recovered from the feces (Gopal et al., 2001 ). This survival may be due to resistance to acid, bile and pancreatic enzymes.
Dry fermented sausages, such as salami-type raw cured sausages, are the result of several factors that act in synergy to yield specific characteristics during ripening. These biochemical reactions result in the formation of metabolic end-products (Paramithios et al., 2010) . This type of product does not need thermal treatment during manufacturing or prior to consumption, as it is stable and safe (Vignolo et al., 2010) . This process favors the growth of desirable microorganisms, especially lactic acid bacteria (LAB) , that influence sensorial and nutritional qualities and safety (Martín et al., 2007) .
This study aimed to evaluate the effects of the addition of two probiotic cultures on the physicochemical and microbiological characteristics and sensory acceptance of Italian salamis.
Materials and Methods

Sausage manufacture
Italian salami with the following composition was prepared: pork shoulder (600 g kg ) from the lumbar region, obtained from a local supermarket. Additionally, the following common ingredients were added to the meat mixture in each treatment: sodium nitrite (150 mg kg ) L. acidophilus and B. lactis were also used.
Chilled beef and pork meat was pre-weighed and cut. The chilled meat and frozen pork back fat were ground separately using a grinder with stainless steel disks with 10, 5, and 8 mm holes for the pork, beef and pork back fat, respectively. We initially added the pork and beef meat, followed by the pork back fat. After mixing the raw meat, non-meat ingredients were added: a pre-hydrated starter culture (the proportion of water was 0.75 % of the meat batter), lyophilized probiotics, sugar, maltodextrin and antioxidants. The meat batter was manually stuffed into reconstituted collagen casings measuring 45 mm in diameter.
The sausages were hand linked to standard sizes (250 g each) and then hung from metal rods and placed in a fermentation chamber, where they remained at 23 to 25 °C for 24 h, with a humidity (RH) of 85 to 90 %, to reach a pH between 5.0 and 5.4. Later, the sausages were taken to a ripening chamber, which operated at a temperature of between 17 and 19 °C and at 70 to 75 % RH. The sausages remained there for 12 to 13 days, until the water activity was between 0.87 and 0.88. The health aspects of these two probiotic strains are related to adherence and colonization, which are two important attributes because these traits most likely prolong the amount of time that a probiotic strain can reside and survive in the intestinal tract (Lee et al., 2004) . When binding to the intestinal mucosa, both probiotic strains may also exclude or reduce the population of pathogenic bacteria adhering to or colonizing the intestine. Another important characteristic is the production of acids, hydrogen peroxide and bacteriocin (lactacin B) by L. acidophilus NCFM) as part of its antipathogenic activities.
A reduction in lactose maldigestion or symptoms in lactase-deficient individuals, as well as improved bile sensitivity and acid tolerance, are the main attributes of lactase availability in vivo (Mustapha et al., 1997) . A comparison of certain strains of bifidobacteria with Lactobacillus NCFM also showed that the lactase activity was equivalent (Hughes and Hoover, 1995) .
Experimental design
To collect physicochemical data, a completely randomized design was used, considering batches of 3 kg of salami sausage each as an experimental unit. Each treatment was processed three times: control (without probiotics), La (with 10 g kg -1 L. acidophilus added) and Bl (with 10 g kg -1 B. lactis added). Samples of the raw sausages (sausage batter) and ripening/dry sausages were subjected to a physicochemical analysis of pH, color, water activity, weight loss and acidity and a microbiological analysis. To generate sensory data, a randomized complete-block experimental design was used to present samples to consumers, considering the subjects as blocks.
Physicochemical and Microbiological Analyses
To evaluate the effect of the probiotic cultures on the color of the raw sausage and the dry sausage, measurements were performed using a Minolta instrument. Before the execution of the process, the colorimeter was standardized against a white tile (Y = 93.7, x = 0.3160 and y = 0.3323) using a standard D65 and 10° illuminant observer. Data were collected in the CIELAB color space. The L*, a* and b* color coordinates were measured based on three pieces from each treatment and were collected from the cross-section of products, using the mean values for statistical analysis.
The pH was determined using an electrode with a penetration probe coupled to a calibrated portable pH meter. The samples were analyzed in triplicate per treatment, and the mean value was obtained from the raw-batter sausages after mixing and at the end of the fermentation process. In ripening and dry sausages, the pH was measured in three pieces from each treatment, with three readings for each piece, similar to the color measurements. The pH of the dry sausages was measured directly from the sausage.
The lactic acid content was determined using a Brazilian methodology (Brasil, 1999) that is based on the neutralization of free hydrogen ions up to the equivalence point using 0.1 M sodium hydroxide solution and a phenolphthalein indicator. For the determination of acidity, 10 g samples of three dry sausages from each treatment were randomly selected, crushed and homogenized with 200 mL of distilled water in an Ultra-Turrax homogenizer for 1 min. This solution was transferred to a 250 mL volumetric flask, and the volume was completed with distilled water. This solution was filtered, and 25 mL of the filtrate was added to 75 mL of distilled water and three drops of 1 % phenolphthalein alcohol solution. For the blank test, 100 mL of distilled water was prepared. The turning point was the appearance of a light pink color persisting for 30 s.
The water activity of salami samples was determined using a 4T AquaLab water activity meter. The slices of salami, approximately 3 mm in thickness were placed in capsules suitable for analysis, with the exception of the raw sausage, which was spread over the bottom of the capsules using a spatula before analysis.
To determine the weight loss of pieces of salami during the 13 days of drying, three pieces from each treatment were randomly selected from three different locations in the dryer (front, right side and left side). The pieces were individually labeled with coded rings and weighed daily on a semi-analytical balance until the end of the process. Thus, for each treatment, based on the initial total weight of the three pieces, the daily weight loss was calculated (in grams) and expressed in terms of percentage change (Figure 1 ).
The total LAB count was measured in salami using the methodology described by Grosso and Fávaro-Trindade (2004) . Samples were prepared in a laminar flow hood that had been previously exposed to UV light for 30 min. Next, 25 g-samples of salami from each treatment were placed in 225 mL of peptone water in sterile plastic bags. The samples were homogenized for 2 min. Ten-fold dilutions, from 10 -1 to 10 -8
, were performed in duplicate.
For L. acidophilus counts, approximately 13 mL of MRS Agar were prepared according to the manufacturer's instructions and were added to plates and homogenized. The plates were incubated anaerobically for 72 h at 43 °C in a BOD incubator (Tharmaraj and Shah, 2003) . For B. lactis counts, the agar was modified according to the protocol of Grosso and Fávaro-Trindade (2004) by adding 5 g kg -1 L-cysteine solution, 10 g kg -1 chloride lithium solution, 0.1 g kg -1 aniline blue and 0.5 % dicloxacillin solution. The plates were incubated anaerobically for 72 h at 37 °C in a BOD incubator. The total LAB count was evaluated on a composite sample of three pieces of dried salami that were randomly chosen.
Sensory analysis
Cultures different from traditional meat starter cultures may have a negative impact on the sensory properties of salami. To determine whether the addition of probiotic cultures affected the sensory characteristics of the developed salami, an acceptance test was performed with 96 consumers.
Habitual salami consumers were recruited from the University of São Paulo in Piracicaba, in the state of São Paulo, Brazil. Of the 96 consumers recruited, 75 % were female, and 25 % were male, with ages ranging from 20 to 50 years old. The selection criteria required that a subject consume salami at least once per week and present a degree of liking of salami equal to or higher than "like moderately" on a nine-point hedonic scale.
For the sensory tests, the consumers were accommodated in individual tasting booths, where they received instructions on the use of the scale, the nature of the products and the type of evaluation to be performed. A slice of each salami sample was served under white light and on disposable white plastic plates coded with random three-digit numbers. The three salami samples, presented in random order according to a randomized complete-block design, were evaluated by each consumer in a monadic way.
After an appearance evaluation, the consumers were asked to taste the product and to evaluate how much they liked or disliked each sample with respect to texture, flavor and overall acceptance using a ninepoint hedonic scale (1 = disliked extremely, 9 = liked extremely) (Meilgaard et al., 2007) . During the sensory evaluation, an interval of 5 minutes was given between samples to avoid fatigue. Lastly, the consumers evaluated their purchase intention for the tested products using a five-point structured scale (1 = certainly will not buy, 5 = certainly will buy).
Statistical analysis
The physiochemical measures of the experimental treatments were analyzed using a one-way ANOVA (p ≤ 0.05). The acceptance responses were analyzed by Pearson correlation analysis (p ≤ 0.05) and a two-way ANOVA (p ≤ 0.05), including the effects of consumers and samples in the statistical model. To evaluate the differences in physicochemical characteristics and acceptance among the samples, paired comparisons of the means were performed using the Tukey HSD test (p ≤ 0.05).
Results and Discussion
Color
At the beginning of the processing of salamis as meat batter and in the ripening/dry sausages, no differences (p ≤ 0.05) in color were found between salamis fermented by probiotic cultures and the control (Table 1) . A reduction from 56.33 to 40.85 was observed in the overall mean L* of the raw sausage from the beginning of processing until salami ripening (Table 1) . This decline was related to the processes of curing, drying and ripening the sausage. The drying process specifically aids the decrease in L* because there are concentrations of solids in the product due to dehydration (Pérez-Alvarez et al., 1999) . The L* values obtained in this experiment were higher than the brightness of 36 found by Garcia et al. (2000) in Italian salami after 20 days of processing. For the redness parameter (a*), the overall mean in salamis increased from 13.59 in the raw sausage to 14.86 in the dry sausage (Table 1) . This increase was related to the process of ripening/drying salami. The reaction of myoglobin, which is the major pigment in meat, with nitric oxide from the heating process forms nitrosomyoglobin, which is a characteristic pigment in cured meats (Zanardi et al., 2002 ). An increase in a* with processing was also observed in Italian salami by Campagnol et al. (2007) and Garcia et al. (2000) . The values obtained in the current study are consistent with those found in Italian salami sold in Brazil, although slightly higher values (17.5 to 17.8) were observed by Garcia et al. (2000) .
In contrast to redness (a*), the intensity of yellow (b*) greatly decreased during storage, dropping from 13.89 in raw sausage to 6.46 in dry sausage (Table 1) . This decrease was likely due to oxygen consumption by microorganisms in the starter culture during their exponential growth phase, producing a decrease in oxymyoglobin. Additionally, the reaction of nitric oxide with myoglobin to form nitrosomyoglobin may have also contributed to the decrease in the concentrations of myoglobin and oxymyoglobin, leading to the reduction in the b* value (Pérez-Alvarez et al., 1999) .
The probiotic cultures did not interfere with the color parameters of salami. In sausages, these results are desirable because the color is an aspect of great commercial value that is associated with product quality and is a determinant of acceptance by consumers.
pH, Water Activity and Lactic acid content
The ANOVA analysis of the pH of the raw sausage batter showed no differences (p ≤ 0.05) among the means of the three treatments, which ranged from 5.88 to 5.97 (Table 2) . After fermentation, the control had an average pH of 5.28, whereas the La and Bl treatments had lower average (p ≤ 0.05) values (4.67 and 4.58, respectively). These lower pH values in the probiotic samples could have been due to the production of lactic acid and other organic acids by Lactobacillus acidophilus and Bifidobacterium lactis. This difference in pH was maintained during the ripening/dry sausage stage, with a lower value for Bl, followed by La, and a higher value for the control (p ≤ 0.05) ( Table 2 ). These results showed that the probiotic resulted in a lower pH end-product. These findings are similar to those of Kaya and Aksu (2005) , who also reported the highest pH value in the control group in relation to the probiotic groups SC+La 5 (starter culture and L. acidophilus) and SC+Bb 12 (starter culture and B. lactis) in sliced dry fermented sausage known as "sucuk".
In dry sausages, the probiotic groups La and Bl had increased pH values (Table 2 ). These high pH values were likely due to increased proteolytic activity, with the formation of peptides, amino acids and nonprotein nitrogen compounds (Durá et al., 2004) , and are consistent with findings in other studies of fermented and dry sausages (Greco et al., 2005) and Italian salami (Garcia et al., 2000) .
The pH of the salami fermented with B. lactis was lower (p ≤ 0.05) than the pH of the control and the salami fermented with L. acidophilus, indicating a faster and more effective production of lactic acid, with consequent decreases in pH ( Table 2 ). The tolerance of Bl to acidic conditions was specific to our processing conditions because Tamine et al. (2005) reported that La is generally more tolerant to acidic conditions than are bifidobacteria, whose growth decreases below pH 5.5. The reduction in pH made it possible to reach the isoelectric point of meat protein, and the approximation of the molecules facilitated the loss of water in the Bl treatment (Figure 1 ). This process was also reflected in the acceptance of the texture (Table 3) ; the Bl salami had an average acceptance that was lower (p ≤ 0.05) than that of the control and the La salami.
The mean water activity values measured in the raw sausages from the probiotic treatments differed (p ≤ 0.05) from the water activity in the control treatment, with averages of 0.98 and 0.99 for the La and Bl treatments, respectively, and an average of 0.97 for the control treatment (Table 2 ). Additionally, in the dry sausages, differences between treatments (p ≤ 0.05) were observed ( Table 2 ). The control had an average water activity of 0.89, and the La and Bl treatments had average values of 0.87 and 0.84, respectively. The lower water activities of the La and Bl treatments were related to the decrease in pH. When the pH approaches the isoelectric point of proteins, as observed in the probiotic treatment groups, a decrease in water retention capacity occurs, thus facilitating dehydration and, consequently, the reduction in water activity in sausages . The water activity values obtained for the two probiotic treatments ranged from 0.84 to 0.87, and the control presented activity of 0.89. The values approached the range of 0.87 to 0.88 observed by Garcia et al. (2000) and are consistent with the findings of Herrero et al. (2007) , who reported values between 0.83 and 0.89. The values were also below 0.90, which is the maximum value recommended in the Brazilian standards for Italian-type salami (Brasil, 2000) .
The probiotics La and Bl are of importance in fermented sausages such as salami because of these organisms' ability to provide rapid and effective fermentation and acidification, which were enhanced (p ≤ 0.05) as compared with these processes in the control treatment (Table 2) , thus protecting the fermented sausages from spoilage and pathogenic bacteria (Pennacchia et al., 2004) . This phenomenon was due to the fact that in addition to the probiotic cultures, the experimental treatments contained a starter culture, i.e., 1 % more bacteria compared with the control treatment, producing higher fermentation of the sugars (sucrose and dextrose). These results show consistency among the parameters of pH, Aw and lactic acid content that were examined in this study. Thus, the higher lactic acid content in the probiotic groups seems to be directly related to the decrease in pH during the fermentation of salami (4.7 to 4.8), which is important to ensuring the safety and texture of salami products. Figure 1 clearly shows the exponential behavior of the weight loss curves, in which the addition of B. lactis was associated with the highest rate of weight loss (35 %) during the drying period, followed by treatment with L. acidophilus (31 %) and the control treatment (29 %), which presented the lowest rate. From the 4 th day of drying onwards, Bl salamis began to suffer a greater loss of weight than did control and La salami sausages, and that over the drying time, the Bl salamis exhibited more rapid weight loss. La salami experienced weight loss at an intermediate velocity during the drying period.
Weight Loss
The greater weight loss observed in the probiotic treatment groups was related to the increased acidification of the raw sausages, which facilitated the weight loss of the samples. In turn, this condition was related to the lower pH found in these treatments, which resulted in greater water loss during processing, given that the pH is one of the main factors that influences the diffusion of water from the inside to the surface of salami. The weight loss results were within the range reported by certain authors, such as 27 % in Milano salami (Zanardi et al., 2002) , between 30 and 32 % in fermented sausages (Gøtterup et al., 2008) and 40 % in sausages fermented by L. rhamnosus cultures after 28 days of processing (Erkkilä et al., 2001 ). Other authors reported higher values, achieving weight losses of between 40 and 45 % in Italian salami (Garcia et al., 2000; Cirolini, 2010) and of 59 % in salami fermented by L. plantarum cultures after 20 days of processing (Campagnol et al., 2007) . These data demonstrate the large variations in the processing of fermented sausage and dry sausage, which may be due to formulation, raw materials and processing, among other factors.
After the drying period, the salamis were stored in vacuum packages, preventing gas exchange or a loss of moisture. Hence, weight loss was not determined during storage. Thus, the incorporation of probiotic cultures presented an effect (p ≤ 0.05) on the weight loss of Italian salami, which was more evident in the Bl treatment. However, the weight loss values reached at the end of the drying period by both the Bl (35.1 %) and the La (31.5 %) salamis were within the parameters (30 to 40 %) that are considered ideal (Rust, 1994) because weight losses greater than these values hamper the commercial viability of fermented sausages.
Microbiological analysis
The probiotic cultures had an ability to multiply, and therefore viability, in a fermented meat product, with an increase in the number of viable cells in the first few days of fermentation. At the beginning of the process (raw sausage), the initial counts of viable cells of L. acidophilus and B. lactis were 9 × 10 8 and 1 × 10 8 cfu g -1 , respectively. In the control sample, the count of LAB was 1 ×10 8 cfu g -1 . In the ripening and dry sausages, the La and Bl treatments yielded values of 2 × 10 8 cfu g -1 and 1.7 × 10 9 cfu g -1 , respectively, compared with 1 × 10 8 cfu g -1 in the control sample. These results indicate that there was an increase in the presence of these probiotic strains in the salami because the viable cell count was from 10 8 to 10 9 cfu/g/day, which is the amount stipulated by Brazilian law, based on the daily portion of food (ANVISA, 2007) . La and Bl grew more quickly than did commercial starter cultures (Staphylococcus xylosus and Pediococcus pentosaceus) that are normally used for meat fermentation. The probiotic strains exhibited an acceptable acidification rate and tolerated certain detrimental factors within fermented sausage, such as NaCl at 2.5 % w/w, pH values of 4.7 to 4.8, Aw values of 0.84 to 0.87 and the drying process, and that the strains should be able to grow to numbers that have health-promoting effects (Holko et al., 2013) .
Consumer test
The ANOVA of the acceptance data showed no differences (p ≤ 0.05) in the mean acceptance of appearance, flavor and in the overall acceptance of the salami. However, differences (p ≤ 0.05) in the acceptance of texture were found. Table 3 shows a good acceptance of the two types of salami sausages by consumers. The salami fermented with the probiotic L. acidophilus had an acceptance similar to that of the control salami, with scores for the evaluation of appearance, flavor and overall quality averaging approximately 7.0 ("like moderately"). In texture, the salami fermented with B. lactis presented an average score of 6.4 ("like slightly"), which was lower than that of the control and the La salami (p ≤ 0.05), which had an average acceptance of approximately 7.0 ("like moderately") on a nine-point hedonic scale. This result can be attributed to the fact that Bl produces acids other than lactic acid, such as acetic and butyric acids (Meile et al., 1997) , which can affect the sensory quality of the product and thus acceptance.
Another explanation is that the water activity of the salami fermented with B. lactis was lower (p ≤ 0.05) than the water activity of the salami fermented with L. acidophilus, thereby facilitating dehydration and making the sample more dry and tough. Nonetheless, the salami fermented with probiotic cultures attained a high level of acceptance among consumers, and especially the salami treated with L. acidophilus, which showed an average acceptance of approximately 7.0 (like moderately) for all attributes, similar to the control salami. The lower rate of purchase intention for the B. lactis salami may have been due to the lower acceptance (p ≤ 0.05) of its texture as compared with the texture of L. acidophilus salami.
The results obtained in our work and other studies showed the same results as those reported by Muthukumarasamy and Holley (2006) , who evaluated the acceptance of salami treated with or without Lactobacillus reuteri (encapsulated and free). Thus, the addition of probiotic cultures could be a good option for meat products.
Correlation analysis
Positive correlations (p ≤ 0.05) were observed between overall acceptance and appearance, texture and flavor. Flavor was the attribute that most influenced the overall acceptance of the sausages (r = 0.84), followed by texture (r = 0.71) and, with lower influence, appearance (r = 0.50). These important findings show that the drivers of consumer acceptance were mainly the flavor and the texture, which most likely determine the decision to purchase the product.
Purchase intention
The results of the purchase intention analysis show a high purchase intention for the three salamis (Table 4) . Thus, 65 % of the interviewed consumers affirmed that they will most likely or certainly will purchase the L. acidophilus salami, positively contributing to their buying intention, whereas this percentage was 53 % for the B. lactis salami and 58 % for the control salami. The lower rate of purchase intention for the B. lactis salami may have been due to the lower acceptance (p ≤ 0.05) of its texture as compared with the texture of L. acidophilus salami. Muthukumarasamy and Holley (2006) showed that 78 % of the consumers interviewed reported that the addition of probiotics to salami sausages positively contributed to their buying intention. The probiotic salamis developed in the current study have great potential for commercialization, especially the salami treated with L. acidophilus, which presented better texture acceptance and higher purchase intention among consumers.
Conclusions
The use of probiotic cultures had positive effects on the physicochemical, microbiological and sensory properties evaluated. The pH, acidity, Aw, weight loss and microbiological counts were within the ranges that are considered to be ideal for the formulation of fermented sausages. Moreover, the addition of probiotic cultures was advantageous because the Italian salamis had high acceptance among consumers and similar performance to the control. These products have great sales potential in the consumer market. This implication is reinforced by the increasing global trend of consuming healthy foods. 
